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Assistant Commissioner for Patents 
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following preliminary amendment: 



IN THE ABSTRACT 

A new abstract page is suppHed to conform to that appearing on the pubhcation 
page of the WIPO application, but the new Abstract is typed on a separate page as required by 
U.S. practice. 

IN THE SPECIFICATION 

A courtesy copy of the present specification is enclosed herewith. However, the 
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IN THE CLAIMS 

Please amend claims 7-1 1 to read as follow: 

7. (Amended) The optical information recording method according to claim 1, wherein 
amounts of correction of the leading and trailing edge positions of the recording pulse are 
determined by recording and reproducing a predetermined recording test pattern before recording 
the information. 

8. (Amended) The optical information recording method according to claim 1, wherein a 
predetermined reproduction test pattern is recorded on the optical information recording medium 
so as to determine reproduction conditions of the information by reproducing the reproduction 
test pattern before reproducing the information. 

9. (Amended) The optical information recording method according to claim 1, wherein 
information is further represented by the leading and trailing edges of the unit recording area. 

10. (Amended) The optical information recording method according to claim 1, wherein 
power of the laser beam is lowered to a bias level in a portion between a first recording pulse for 
recording a first unit recording area and a second recording pulse for recording a second unit 
recording area when the first and second unit recording areas, each having a different mark width 
other than zero, are recorded continuously as the unit recording areas. 

11. (Amended) The optical information recording method according to claim 1, further 
comprising selecting whether the information is represented by a width of the unit recording area 
in accordance with a type of information. 
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Please add new claims 20-24 

20. (New) The optical information recording method according to claim 4, wherein 
amounts of correction of the leading and trailing edge positions of the recording pulse are 
determined by recording and reproducing a predetermined recording test pattern before recording 
the information. 

21. (New) The optical information recording method according to claim 4, wherein a 
predetermined reproduction test pattern is recorded on the optical information recording medium 
so as to determine reproduction conditions of the information by reproducing the reproduction 
test pattern before reproducing the information. 

22. (New) The optical information recording method according to claim 4, wherein 
information is further represented by the leading and trailing edges of the unit recording area. 

23. (New) The optical information recording method according to claim 4, wherein power 
of the laser beam is lowered to a bias level in a portion between a first recording pulse for 
recording a first unit recording area and a second recording pulse for recording a second unit 
recording area when the first and second unit recording areas, each having a different mark width 
other than zero, are recorded continuously as the unit recording areas. 

24. (New) The optical information recording method according to claim 4, further 
comprising selecting whether the information is represented by a width of the unit recording area 
in accordance with a type of information. 
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REMARKS 

Applicants respectfully request that the preliminary amendment described herein 
be entered into the record prior to calculation of the filing fee and prior to examination and 
consideration of the above-identified application. 

A new abstract page is supplied to conform to that appearing on the publication 
page of the WIPO application. 

Claims 7-1 1 have been amended to remove the multiple dependencies. 

If a telephone conference would be helpful in resolving any issues concerning this 
communication, please contact Applicants' primary attomey-of record, Douglas P, Mueller (Reg. 
No. 30,300), at (612) 371.5237. 

Respectfully submitted, 

MERCHANT & GOULD P.C. 
P.O. Box 2903 

MinneapoUs, Minnesota 55402-0903 
(612) 332-5300 



Dated: November 26. 2001 By_ 




)uglas P. Mueller 
Reg. No. 30,300 
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Applicant: Narumi et al. Docket No.: 10873.771USWO 
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Title: OPTICAL INFORMATION RECORDING METHOD 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

7. (Amended) The optical information recording method according to claim 1 ©f4, 
wherein amounts of correction of the leading and trailing edge positions of the recording pulse 
are determined by recording and reproducing a predetermined recording test pattem before 
recording the information, 

8. (Amended) The optical information recording method according to claim 1 ef4, 
wherein a predetermined reproduction test pattem is recorded on the optical information 
recording medium so as to determine reproduction conditions of the information by reproducing 
the reproduction test pattem before reproducing the information. 

9. (Amended) The optical information recording method according to claim 1 e^, 
wherein information is further represented by the leading and trailing edges of the unit recording 
area. 

10. (Amended) The optical information recording method according to claim 1 
wherein power of the laser beam is lowered to a bias level in a portion between a first recording 
pulse for recording a first unit recording area and a second recording pulse for recording a second 
unit recording area when the first and second unit recording areas, each having a different mark 
width other than zero, are recorded continuously as the unit recording areas. 

11. (Amended) The optical information recording method according to claim 1 oM, 
further comprising selecting whether the information is represented by a width of the unit 
recording area in accordance with a type of information. 
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ABSTRACT 

An edge position of a recording pulse is corrected according to multi-valued information 
for determining the width of a mark in an edge position correction circuit, thereby it is possible 
to form a mark edge in a correct position when a mark with any width is to be corrected to enable 
a correct multi- valued recording/reproducing. 
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DESCRIPTION 

OPTICAL INFORMATION RECORDING METHOD, OPTICAL 
INFORMATION RECORDING APPARATUS AND OPTICAL 
INFORMATION RECORDING MEDIUM 

5 

Technical Field 

The present invention relates to a method and apparatus for 
recording multi-valued information on an optical information recording 
medium that allows information to be recorded/reproduced optically, such as 
10 an optical disk. 

Background Art 

In recent years, optical disks, optical cards, optical tapes, or the like 
have been proposed and under development as media for recording 

15 information optically. Of the above media, the optical disks have drawn 
attention, on which information can be recorded/reproduced with large 
capacity and high density. 

One t3^e of rewritable optical disks is a phase change optical disk. 
The phase change optical disk includes a recording film that is changed to 

20 be in the amorphous or crystalline state depending on thermal and cooling 
conditions by a laser beam. The amorphous and crystalline states can be 
reversed. The recording film has optical constants (refractive index and 
extinction coefficient) that differ in the amorphous and crystalline states. 
In the phase change optical disk, the two states are provided selectively on 

25 the recording film according to information signals so that the resultant 
optical change (a change in transmissivity or reflectivity) is used to 
record/reproduce the information signals. 

To obtain the two states, information signals are recorded in the 
following manner. The recording film of an optical disk is irradiated with a 

30 laser beam in pulse form (with a power level of Pi) focused by an optical 
head. When the temperature of the recording film is raised to exceed the 
melting point, the molten portion is cooled rapidly with the passage of the 
laser beam to form an amorphous mark. The power level Pi is called a 
recording power. For irradiation of the recording film with a focused laser 

35 beam (with a power level of P2, P2 < Pi) having an intensity that increases 
the recording film temperature to temperatures ranging fi-om the 
crystallization temperature to the melting point, the irradiated portion of 
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the recording film is crystallized. The power level P2 is called an erasing 
power. 

In this manner, a recording pattern, including a mark of the 
amorphous area and a non-mark portion of the crystalline area (referred to 
5 as a space) that correspond to the information signals, is formed on a track 
of the optical disk. The information signal can he reproduced by utilizing a 
difference in the optical characteristics between the crystalline and 
amorphous areas. 

Recently, a mark edge recording (also referred to as PWM recording) 
10 system is often used instead of a mark position recording (also referred to as 
PPM recording) system. In the mark position recording, information is 
represented by only the mark position itself. On the other hand, in the 
mark edge recording, it is represented by both the leading and trailing edges 
of a mark. Thus, the latter has the advantage of improving the recording 
15 linear density. 

To achieve further improvement in the recording density, a 
multi-value recording method has been proposed, in which information of 
three or more values is recorded on a single mark. For example, JP 4 
(1992) - 209319 A discloses a method for recording multi-valued information 
20 by forming marks having different sizes with laser beam irradiation of at 
least three power levels. 

However, the conventional multi value recording method described 
above has a problem in that, particularly when used with the mark edge 
recording, information cannot be reproduced accurately due to an increase 
25 in the jitter of a reproduced signal. This is because the leading and trailing 
edges of an area in the mark where a width of the mark is constant and a 
space area where the width is zero (hereinafter, each of those areas is 
referred to as a unit recording area) are not formed at the precise positions. 
For example, when a unit recording area with a large mark width is 
30 recorded according to multi-valued information, the recording power of a 

laser beam is increased, causing an increase in energy applied to a recording 
film. Since thermal diffusion in the recording film is isotropic substantially 
on the disk plane, the length of the unit recording area tends to be longer 
than a predetermined length. On the other hand, when a unit recording 
35 area with a small mark width is recorded, the recording power of the laser 
beam is reduced. Therefore, the length of the unit recording area tends to 
be shorter than a predetermined length. As a residt, the leading and 
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trailing edges of the unit recording area thus formed are shifted variously 
from the predetermined positions depending on the width thereof, which 
corresponds to a value of the multi-valued information. This prevents 
accurate reproduction of information that is represented by each edge of a 
5 unit recording area. 

Disclosure of Invention 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide a method and apparatus for recording optical 
10 information that can record multi-valued information with accuracy and 
high density by setting the leading and trailing edges of a recording pulse 
appropriately. 

To achieve the above object, a first optical information recording 
method of the present invention includes irradiating an optical information 

15 recording medium with a laser beam to cause a change in the optical 
characteristics of a photosensitive recording film so that information is 
recorded as a mark. An area in the mark where a width of the mark is 
constant and a space area where the width is zero each are defined as a unit 
recording area. Information is represented by at least three different 

20 widths (i.e., three or more widths, including zero; the same is true in the 
following) of the unit recording areas. The unit recording area having a 
predetermined length and a predetermined width is formed by correcting 
the leading and trailing edge positions of a recording pulse for recording the 
unit recording area other than the space area in accordance with a width of 

25 the unit recording area to be recorded. 

This method can set both the recording power and the pulse 
waveform of a laser beam according to the width of a unit recording area to 
be recorded. Therefore, even if the unit recording area has any width, its 
leading and trailing edges can be formed at predetermined positions, 

30 resulting in accurate recording/reproduction of information. 

In the first optical information recording method, it is preferable 
that the unit recording area having a predetermined length and a 
predetermined width is formed by correcting the leading and trailing edge 
positions of the recording pulse in accordance with a combination of a width 

35 and a length of the unit recording area to be recorded. 

Moreover, it is preferable that the unit recording area having a 
predetermined length and a predetermined width is formed by correcting 
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the leading edge position of the recording pulse in accordance with a 
combination of a width of the unit recording area to be recorded, a length 
thereof and a length of the preceding unit recording area and by correcting 
the trailing edge position of the recording pulse in accordance with a 
5 combination of a width of the unit recording area to be recorded, a length 
thereof and a length of the next unit recording area. 

These methods can set the waveform of a recording pulse according 
to the length of a unit recording area to be recorded as well as the lengths of 
the preceding and next unit recording areas, each having a different width. 
10 Therefore, the leading and trailing edges of the unit recording area can be 
formed more precisely at predetermined positions. 

To achieve the above object, a second optical information recording 
method of the present invention includes irradiating an optical information 
recording medium with a laser beam to cause a change in the optical 
15 characteristics of a photosensitive recording film so that information is 
recorded as a mark. An area in the mark where a width of the mark is 
constant and a space area where the width is zero each are defined as a unit 
recording area. Information is represented by at least three different 
widths of the unit recording areas. The unit recording area having a 
20 predetermined length and a predetermined width is formed by correcting 
the leading edge position of a recording pulse for recording the unit 
recording area other than the space area in accordance with a combination 
of a width of the unit recording area to be recorded and a width of the 
preceding unit recording area and by correcting the trailing edge position of 
25 the recording pulse in accordance with a combination of a width of the unit 
recording area to be recorded and a width of the next unit recording area. 

This method can set the edge positions of a recording pulse 
according to the width of a unit recording area to be recorded as well as the 
widths of the preceding and next unit recording areas. Therefore, even if 
30 any combination of widths is provided, the leading and trailing edges of the 
unit recording area can be formed at predetermined positions, resulting in 
more accurate recording/reproduction of information . 

In the second optical information recording method, it is preferable 
that the unit recording area having a predetermined length and a 
35 predetermined width is formed by correcting the leading edge position of the 
recording pulse in accordance with a combination of a width of the unit 
recording area to be recorded, a width of the preceding unit recording area 
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and a length of the unit recording area to be recorded and by correcting the 
trailing edge position of the recording pulse in accordance with a 
combination of a width of the unit recording area to be recorded, a width of 
the next unit recording area and a length of the unit recording area to be 
recorded. 

Moreover, it is preferable that the unit recording area having a 
predetermined length and a predetermined width is formed by correcting 
the leading edge position of the recording pulse in accordance with a 
combination of a width of the unit recording area to be recorded, a width of 
the preceding unit recording area, a length of the unit recording area to be 
recorded and a length of the preceding unit recording area and by correcting 
the trailing edge position of the recording pulse in accordance with a 
combination of a width of the unit recording area to be recorded, a width of 
the next unit recording area, a length of the unit recording area to be 
recorded and a length of the next unit recording area. 

These methods can set the edge positions of a recording pulse 
according to the length of a unit recording area to be recorded as well as the 
lengths of the preceding and next unit recording areas, each having a 
different width. Therefore, the leading and trailing edges of the unit 
recording area can be formed more precisely at predetermined positions. 

In the first and second optical information recording methods, it is 
preferable that the amounts of correction of the leading and trailing edge 
positions of the recording pulse are determined by recording and 
reproducing a predetermined recording test pattern before recording the 
information. 

This method can determine the optimum amount of correction for an 
optical information recording medium to be used in recording information. 
Therefore, even if the optical information recording medium has recording 
characteristic variations, information can be recorded accurately. 

In the first and second optical information recording methods, it is 
preferable that a predetermined reproduction test pattern is recorded on the 
optical information recording medium so as to determine reproduction 
conditions of the information by reproducing the reproduction test pattern 
before reproducing the information. 

This method can determine the optimum reproduction conditions for 
an optical information recording medium to be used in recording 
information. Therefore, information can be reproduced accurately even if 



the shapes of marks are varied due to the recording characteristic variations 
of the optical information recording medium. 

The first and second optical information recording methods are 
suitable particularly for the case where information is further represented 
5 by the leading and trailing edges of the unit recording area as described 
above. 

In the first and second optical information recording methods, it is 
preferable that the power of the laser beam is lowered to a bias level in the 
portion between a first recording pulse for recording a first unit recording 
10 area and a second recording pulse for recording a second unit recording area 
when the first and second unit recording areas, each having a different 
mark width other than zero, are recorded continuously as the unit recording 
areas. 

Conventionally, the power level of a laser beam is changed simply 
15 according to the width of a mark to be formed without lowering to a bias 

level. The above method is one aspect of the present invention, in which a 

pulse is separated by temporarily lowering the level so that the edge 

positions are corrected precisely. 

It is preferable that the first and second optical information 
20 recording methods further include selecting whether the information is 

represented by a width of the unit recording area in accordance with the 

type of information. 

This method allows information to be represented by only edge 

positions or the like instead of a mark width, e.g., when the information to 
25 be recorded requires particularly low error rate. Therefore, the method can 

select recording with high recording density or low error rate according to 

information to be recorded, thus providing optimum recording based on the 

information. 

The present invention also provides an optical information recording 
30 medium suitable for recording information with the above optical 
information recording methods. 

A first optical information recording medium of the present 
invention includes a photosensitive recording film whose optical 
characteristics are changed by laser beam irradiation. An area where a 
35 width of a mark that is formed on the photosensitive recording film by the 
laser beam irradiation is constant and a space area where the width is zero 
each are defined as a unit recording area. An identifier for identifying 
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whether information is represented by a width of the unit recording area is 
recorded previously on a predetermined area. 

A recording/reproducing apparatus that uses this medium can 
recognize easily whether information recorded on the medium is 
5 represented by the width of a unit recording area by reproducing the 
identifier. 

A second optical information recording medium of the present 
invention includes a photosensitive recording film whose optical 
characteristics are changed by laser beam irradiation. An area where a 
10 width of a mark that is formed on the photosensitive recording film by the 
laser beam irradiation is constant and a space area where the width is zero 
each are defined as a unit recording area. The amounts of correction of the 
leading and trailing edge positions of a recording pulse for recording the 
unit recording area other than the space area that are determined by a 
15 width of the unit recording area to be recorded are recorded previously on a 
predetermined area as information. 

The use of this medium enables recording with the optimum amount 
of correction that has been recorded thereon. Thus, even if the optical 
information recording medium has recording characteristic variations, 
20 information can be recorded accurately without determining the amount of 
correction by recording/reproducing a test pattern. 

To achieve the above object, a first optical information recording 
apparatus of the present invention is an apparatus for recording 
information on an optical information recording medium. The optical 
25 information recording medium is irradiated with a laser beam having a 
plurality of powers while switching the power of the laser beam to cause a 
change in the optical characteristics of a photosensitive recording film so 
that a mark is formed. An area in the mark where a width of the mark is 
constant and a space area where the width is zero each are defined as a unit 
30 recording area, and information is represented by at least three different 
widths of the unit recording areas. The apparatus includes a modulation 
means for modulating recording information to provide modulated 
information, a multi-valued means for converting the modulated 
information to multi-valued information, a recording pulse generation 
35 means for generating a recording pulse based on the multi-valued 

information, a recording power control means for controlHng a recording 
power in accordance with a width of the unit recording area to be recorded 
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that corresponds to the multi-valued information, an edge position 
correction means for correcting leading and trailing edge positions of the 
recording pulse in accordance with the width of the unit recording area to be 
recorded, and a recording means for recording the information on the optical 
5 information recording medium by irradiation of the laser beam based on the 
recording power and the corrected recording pulse. 

This apparatus can set both the recording power and the pulse 
waveform of a laser beam according to the width of a unit recording area to 
be recorded. Therefore, even if the unit recording area has any width, its 

10 leading and trailing edges can be formed at predetermined positions, 
resulting in accurate recording/reproduction of information. 

In the first optical information recording apparatus, it is preferable 
that the edge position correction means corrects the leading and trailing 
edge positions of the recording pulse in accordance with a combination of a 

15 width and a length of the unit recording area to be recorded. 

Moreover, it is preferable that the edge position correction means 
corrects the leading edge position of the recording pulse in accordance with 
a combination of a width of the unit recording area to be recorded, a length 
thereof and a length of the preceding unit recording area and the trailing 

20 edge position of the recording pulse in accordance with a combination of a 
width of the unit recording area to be recorded, a length thereof and a 
length of the next unit recording area. 

These apparatuses can set the waveform of a recording pxilse 
according to the length of a unit recording area to be recorded as well as the 

25 lengths of the preceding and next unit recording areas, each having a 
different width. Therefore, the leading and trailing edges of the unit 
recording area can be formed more precisely at predetermined positions. 

To achieve the above object, a second optical information recording 
apparatus of the present invention is an apparatus for recording 

30 information on an optical information recording medium. The optical 
information recording medium is irradiates with a laser beam having a 
plurality of powers while switching the power of the laser beam to cause a 
change in the optical characteristics of a photosensitive recording film so 
that a mark is formed. An area in the mark where a width of the mark is 

35 constant and a space area where the width is zero each are defined as a unit 
recording area, and information is represented by at least three different 
widths of the unit recording areas. The apparatus includes a modulation 
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means for modulating recording information to provide modulated 
information, a multi-valued means for converting the modulated 
information to multi-valued information, a recording pulse generation 
means for generating a recording pulse based on the multi-valued 
5 information, a recording power control means for controlling a recording 
power in accordance with a width of the unit recording area to be recorded 
that corresponds to the multi-valued information, an edge position 
correction means for correcting the leading edge position of the recording 
pulse in accordance with a combination of a width of the unit recording area 
10 to be recorded and a width of the preceding unit recording area and for 
0^ correcting the trailing edge position of the recording pulse in accordance 

S; with a combination of a width of the unit recording area to be recorded and 

m a width of the next unit recording area, and a recording means for recording 

p the information on the optical information recording medium by irradiation 

pi 15 of the laser beam based on the recording power and the corrected recording 
pulse. 

= ^ This apparatus can set both the recording power and the pulse 

y> waveform of a laser beam according to the width of a unit recording area to 

51 be recorded as well as the widths of the preceding and next unit recording 

ai 20 areas- Therefore, even if the unit recording area has any width, its leading 
M= and trailing edges can be formed at predetermined positions, resulting in 

accurate recording/reproduction of information. 

In the second optical information recording apparatus, it is 
preferable that the edge position correction means corrects the leading edge 
25 position of the recording pulse in accordance with a combination of a width 
of the unit recording area to be recorded, a width of the preceding unit 
recording area and a length of the unit recording area to be recorded, and 
the traiUng edge position of the recording pulse in accordance with a 
combination of a width of the unit recording area to be recorded, a width of 
30 the next unit recording area and a length of the unit recording area to be 
recorded. 

Moreover, it is preferable that the edge position correction means 
corrects the leading edge position of the recording pulse in accordance with 
a combination of a width of the unit recording area to be recorded, a width of 
35 the preceding unit recording area, a length of the unit recording area to be 
recorded and a length of the preceding unit recording area, and the trailing 
edge position of the recording pulse in accordance with a combination of a 
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width of the recording unit area to be recorded, a width of the next unit 
recording area, a length of the unit recording area to be recorded and a 
length of the next unit recording area. 

These apparatuses can set the edge positions of a recording pulse 
5 according to the length of a unit recording area to be recorded as well as the 
lengths of the preceding and next unit recording areas, each having a 
different width. Therefore, the leading and trailing edges of the unit 
recording area can be formed more precisely at predetermined positions. 

10 Brief Description of Drawings 

FIG. 1 is a block diagram showing the configuration of an 
embodiment of a recording apparatus of the present invention. 

FIGS. 2(a) to 2(e) are signal waveform diagrams and a track state 
diagram that illustrate a recording operation of an embodiment of a 
15 recording method of the present invention' 

FIG. 2(a) illustrates four-valued information; 
FIG. 2(b) is a waveform diagram of a recording pulse; 
FIG. 2(c) is a waveform diagram of a corrected recording pulse to be 
input to a laser driving circuit; 
20 FIG. 2(d) is a waveform diagram illustrating a change in the 

emission power of a laser beam; and 

FIG. 2(e) illustrates the recorded state of marks on a track. 
FIGS. 3(a) to 3(d) are a track state diagram and signal waveform 
diagrams that illustrate an example of operation for reproducing 
25 information recorded according to the present invention- 

FIG. 3(a) illustrates the recorded state of marks on a track; 
FIG. 3(b) is a waveform diagram of a reproduced signal; 
FIG. 3(c) is a waveform diagram of a four-valued signal; and 
FIG. 3(d) shows four-valued information. 
30 FIGS. 4(a) to 4(d) are signal waveform diagrams and a track state 

diagram that illustrate a conventional recording method- 
FIG. 4(a) illustrates four-valued information; 
FIG. 4(b) is a waveform diagram of a recording pulse; 
FIG. 4(c) is a waveform diagram of a recording pulse to be input to a 
35 laser driving circuit; 

FIG. 4(d) is a waveform diagram illustrating a change in the 
emission power of a laser beam; and 
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FIG. 4(e) illustrates the recorded state of marks on a track. 
FIGS. 5(a) to 5(e) are signal waveform diagrams and a track state 
diagram that illustrate a recording operation of another embodiment of a 
recording method of the present invention^ 

FIG. 5(a) illustrates four-valued information; 
FIG. 5(b) is a waveform diagram of a recording pulse; 
FIG. 5(c) is a waveform diagram of a corrected recording pulse to be 
input to a laser driving circuit; 

FIG. 5(d) is a waveform diagram illustrating a change in the 
emission power of a laser beam; and 

FIG. 5(e) illustrates the recorded state of marks on a track. 
FIGS. 6(a) to 6(e) are signal waveform diagrams and a track state 
diagram that illustrate a recording operation of yet another embodiment of 
a recording method of the present invention^ 

FIG. 6(a) illustrates four-valued information; 
FIG. 6(b) is a waveform diagram of a recording pulse; 
FIG. 6(c) is a waveform diagram of a corrected recording pulse to be 
input to a laser driving circuit; 

FIG. 6(d) is a waveform diagram illustrating a change in the 
emission power of a laser beam; and 

FIG. 6(e) illustrates the recorded state of marks on a track. 
FIG. 7 shows the relationship between the recording power and the 
reproduced signal amplitude of an optical disk. 

25 Detailed Description of the Invention 

Hereinafter, embodiments of the present invention will be described 
with reference to the accompanjdng drawings, 

FIG. 1 is a block diagram showing the schematic configuration of a 
recording/reproducing apparatus (optical information recording apparatus) 
30 of an embodiment of the present invention. 

The recording/reproducing apparatus of this embodiment uses an 
optical disk 1 to record/reproduce information. Examples of the optical disk 
1 include a phase change optical disk, a magneto-optical disk, and a disk 
employing dye as a recording layer. Alternatively, the master of a stamper 
35 with a photoresist coating for producing a read-only disk may be used. 

The recording/reproducing apparatus includes a spindle motor 2 and 
an optical head 10^ the spindle motor 2 rotates the optical disk i; the optical 
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head 10 includes a laser source (not shown) and focuses a laser beam on the 
desired portion of the optical disk 1. The whole operation of the 
recording/reproducing apparatus is controlled by a system control circuit 3. 

The recording/reproducing apparatus includes a modulation circuit 4, 
5 a multi-valued circuit 5, a recording pulse generation circuit 6, and an edge 
position correction circuit 7 as a recording means. The modxilation circuit 4 
modulates recording information according to a predetermined modulation 
rule to provide modulated information. The multi-valued circuit 5 
generates multi-valued information according to the modulated information. 

10 The recording pulse generation circuit 6 generates a recording pulse 

according to the multi-valued information. The edge position correction 
circuit 7 corrects the edge positions of the recording pulse. The 
recording/reproducing apparatus further includes a power control circuit 9 
that sets the power of the laser beam based on the mxilti-valued information. 

15 Moreover, it is provided with a laser driving circuit 8 that modulates the 
current for driving the laser source in the optical head 10 according to a 
recording pulse output from the edge position correction circuit 7 and a 
control signal from the power control circuit 9. 

The recording/reproducing apparatus includes a reproduced signal 

20 processing circuit 11, a multi-valued information generation circuit 12, and 
a demodulation circuit 13 as a reproduction means for reproducing 
information from the optical disk 1. The reproduced signal processing 
circuit 11 performs waveform processing (such as equalizing) of a 
reproduced signal based on the reflected light from the optical disk 1. The 

25 multi-valued information generation circuit 12 generates four-valued 
information from the reproduced signal. The demodtdation circuit 13 
demodulates reproduced information from the multi-valued information. 

Next, the operation of the recording/reproducing apparatus of this 
embodiment will be described with reference to signal waveform diagrams 

30 and track state diagrams in FIGS. 2 and 3. FIG. 2 corresponds to the 

operation for recording four-valued information, and FIG. 3 corresponds to 
the operation for reproducing four-valued information. 

For recording, first, the system control circuit 3 rotates the spindle 
motor 2 so that the optical head 10 seeks a predetermined track on the 

35 optical disk 1, and thus the system control circuit 3 determines a set value 
of recording power in the power control circuit 9. Then, the system control 
circuit 3 generates recording information based on data from a host 
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processor and sends it to the modulation circuit 4. The modulation circuit 
4 transmits modulated information to the multi-valued circuit 5. The 
multi-valued circuit 5 outputs four-valued information as shown in FIG. 2(a) 
to each of the recording pulse generation circuit 6, the edge position 
5 correction circuit 7, and the power control circuit 9. 

The recording pulse generation circuit 6 generates a recording pulse 
as shown in FIG. 2(b) based on the four- valued information. The recording 
pulse may be produced with two-bit signals (i.e., two binary information 
signals). 

10 The recording pulse generation circuit 6 transmits the recording 

pulse to the edge position correction circuit 7. According to the four-valued 
information from the multi-valued circuit 5, the edge position correction 
circuit 7 corrects the waveform of the recording pulse transmitted from the 
recording pulse generation circuit as shown in FIG. 2(c). The amount of 

15 correction (Aif, Ail, A^f, A2L, Asf, Asl) is registered on a memory within the 
edge position correction circuit 7 as information shown in Tables 1 and 2. 
The recording pulse waveform is corrected by referring to the memory. For 
example, when the four-valued information is "3", the leading edge of the 
recording pulse is delayed by Asf and the trailing edge is advanced by Asl. 

20 When the four-valued information is "2" or "1", both edges are corrected in 
the same manner, respectively. When the four-valued information is "0", it 
corresponds to a space (i.e., a non-mark portion) in this embodiment, where 
no recording pulse is present that requires edge correction. Therefore, the 
recording pulse is not corrected. 

25 

TABLE 1 



Four-valued information 


Amount of correction of a 
leading edge 


"0" 




"1" 


AiF 




A2F 


"3" 


AsF 



30 
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TABLE 2 



Four-valued information 


Amount of correction of a 
trailing edge 


"0" 






Ail 






"3" 





The power control circuit 9 determines a recording power of a laser 
beam based on the four-valued information. In this embodiment, the 
four-valued information is related to the recording power, as shown in Table 
3. 

For example, when information is recorded on a phase change 
optical disk with the same recording pulse width, the relationship between 
the recording power and the reproduced signal amplitude is such as to be 
shown in FIG. 7, and the width of a mark is increased with increasing 
reproduced signal amplitude. Therefore, the recording powers Ppi, Pp2, and 
Pp3 can be selected so as to differ in reproduced signal amplitude, as 
indicated by the three points of Ai, A2, and A3 in FIG. 7. 

The laser driving circuit modulates the current for driving the laser 
based on a control signal from the power control circuit 9 and the recording 
pulse whose edge positions have been corrected. Consequently, the laser 
beam emitted has a waveform as shown in FIG. 2(d). 



TABLES 



Four-valued information 


Recording power 


"0" 






Ppi 


"2" 


Pp2 


itgrt 


Pp3 



The optical head 10 performs a recording operation on a 
predetermined track. Thus, as shown in FIG. 2(e), recording marks 202, 
203 and unit recording areas 204, 205, 206, and 207, each having a 
predetermined length based on the four-valued information, are formed on a 
track 201. Since the width of a unit recording area is determined by a 
recording power, each of the unit recording areas has a predetermined width 
based on the four-valued information (i.e., the mark areas with widths of Wi, 
W2, and W3 and the space area with zero width). 
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For reproduction, the track 201, on which the unit recording areas 
204, 205, 206, and 207 are formed as shown in FIG. 3(a), is irradiated with 
reproduction power by the laser in the optical head 10. Then, a 
photodetector in the optical head 10 receives the reflected light and converts 
5 it to an electric signal. FIG. 3(b) shows the waveform of the reproduced 
signal thus converted, indicating that the signal of levels corresponding to 
the widths of the unit recording areas is reproduced. The reproduced 
signal processing circuit 11 equalizes the reproduced signal waveform and 
slices the signal levels, so that the reproduced signal is converted to a 

10 four- valued signal (see FIG. 3(c)). This embodiment employs three slice 
levels (i.e., Si, S2, and S3 in FIG. 3(b)) to detect the levels of four values. 
The multi-valued information generation circuit 12 generates fotir-valued 
information as shown in FIG. 3(d), and the demodulation circuit 13 
demodulates reproduced information. 

15 As described above, the reason why the leading and trailing edges of 

a recording pulse are corrected according to the width of a unit recording 
area to be recorded is that the length of the unit recording area is shifted 
variously from a predetermined length to be recorded when the unit 
recording areas with different widths are recorded. 

20 Generally a higher recording power is necessary to record the unit 

recording area having a large width. Increased recording power causes an 
increase in energy to be applied to the recording film. Therefore, the length 
of the unit recording area tends to be longer than a predetermined length. 
This phenomenon will be described below by illustrating a conventional 

25 example. 

FIGS. 4(a) to 4(e) show signal waveforms and the state of marks 
recorded on a track in a conventional multi-value recording method and 
correspond to FIGS. 2(a) to 2(e) of this embodiment, respectively. 

In the conventional multi-value recording method, when four-valued 

30 information as shown in FIG. 4(a) is recorded, a recording pulse (FIG. 4(b)) 
is not corrected by the four-valued information. Therefore, the laser beam 
emitted has a waveform as shown in FIG. 4(d) and produces a recording 
power Pp3 for the four-valued information of "3", resulting in large energy 
appHcation to the recording film of an optical disk. Thus, the length of 

35 each recording mark 401, 402 becomes longer than a predetermined length, 
as shown in FIG. 4(e). Specifically, elongations 407 and 408 appear at the 
leading edge of a imit recording area 403 and the trailing edge of a unit 



15 



recording area 404, respectively; also, elongations 409 and 410 appear at 
both edges of a unit recording area 406 that is separated by a unit recording 
area (space area) 405. 

Similarly, the leading and trailing edges elongate when the 
5 four-valued information is "2". However, since the recording power Pp2 is 
lower than Pps, the tendency to elongation is reduced, compared with the 
four-valued information of "3'\ When the four-valued information is "1", 
the leading and traiUng edges elongate as well. However, the tendency is 
smaller than that for the four-valued information of "2" for the same reason. 
10 As described above, the tendency of a unit recording area to elongate 

differs depending on four-valued information (i.e., the width of a unit 
recording area to be recorded). This leads to the deviation of a reproduced 
signal from a predetermined timing during reproduction, which in turn 
causes various timing deviations of the four-valued signal that is converted 
15 from the reproduced signal. Consequently, jitter is increased, making 
accurate reproduction of information impossible. 

On the other hand, this embodiment corrects the leading and 
trailing edges of a recording pulse so that the unit recording having a 
predetermined length can be recorded. The amount of correction of each 
20 edge is set so as to record the unit recording area with a predetermined 

length. Since high power recording generally tends to increase the length 
of a unit recording area, the amount of correction of a recording pulse for 
high power recording is larger than that for low power recording. 

As described above, this embodiment corrects the leading and 
25 trailing edges of a recording pulse according to the width of a unit recording 
area to be recorded (i.e., four-valued information). Thus, even if the unit 
recording area has any width, its edges can be formed at the precise 
positions. Therefore, this embodiment has a special effect of recording and 
reproducing multi-valued information accurately. 
30 Also, this embodiment performs the above correction in the following 

manner: when the unit recording areas 204 and 205, each having a different 
mark width other than zero, are recorded continuously as shown in FIG. 2, 
the power of a laser beam is lowered to a bias level of Pb in the portion 
between a recording pulse for recording the unit recording area 204 and that 
35 for the unit recording area 205. 

In this embodiment, the waveform of a recording pulse is corrected 
according to the width of a unit recording area to be recorded. It is 
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preferred to correct the recording pulse waveform as follows. 

The first method is such that the recording pulse waveform is 
corrected according to the length of a unit recording area to be recorded, in 
addition to the width thereof. Generally, the length of a unit recording area 
tends to be longer than a predetermined length because the amount of heat 
accumulated increases with irradiation time even under the same recording 
power. Thus, the correction according to not only the width but also the 
length of a unit recording area enables more precise formation of the edges. 

The second method is such that the leading and trailing edge 
positions of a recording pulse are corrected respectively by combining the 
width of a unit recording area to be recorded with both a width of the 
preceding unit recording area and a width of the next unit recording area. 
Considering the mutual influence of the adjacent unit recording areas 
enables more precise formation of the edges. Here, the second method will 
be described. 

The amount of correction in this case is registered on a memory 
within the edge position correction circuit 7 in FIG. 1 as information shown 
in Tables 4 and 5. The leading and trailing edges of a recording pulse are 
corrected by referring to the memory. The same correction is made when 
the second information has different combinations. FIGS. 5(a) to 5(e) show 
signal waveforms and the state of marks recorded on a track in a 
multi-value recording method of this embodiment and correspond to FIGS. 
2(a) to 2(e), respectively. In FIG. 5, e.g., when four-valued information to 
be recorded is "3" and the preceding information is "0", the leading edge of a 
recording pulse is delayed by Ao3F. When the four-valued information to be 
recorded is "3" and the next information is "2", the trailing edge is advanced 
by A32L. 

In this manner, recording marks 501 and 502, each having a 
predetermined length, are formed on a track 201, which enables precise 
formation of unit recording areas 503 (with a width of W3), 504 (with a 
width of W2), 505 (with zero width) and 506 (with a width of Wi). 
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TABLE 4 



Amount of correction of a leading edge 







Four-valued information 






"0" 


It ^tt 


"2" 


"3" 


The preceding 


"0" 




AoiF 


Ao2F 


Ao3F 


four-valued 


"1" 




AiiF 


Ai2F 


Al3F 


information 


"2" 




A21F 


A22F 


A23F 




"3" 




A31F 


A32F 


A33F 



TABLE 5 



Amount of correction of a trailing edge 




Four-valued information 


"0" 


"X" 


"2" 


"3" 


The next 
four-valued 
information 


"0" 




AiOL 


A20L 


A30L 


"1" 




AiiL 


A21L 


A31L 


"2" 




Ai2L 


A22L 


A32L 


"3" 




Ai3L 


A23L 


A33L 



The above operation can correct the variation in thermal 
interference resulting from various differences in widths of the preceding 
and next unit recording areas. Therefore, the unit recording area can be 
recorded at more precise edge positions. In this case, the amount of 
correction is increased with increasing width of a unit recording area to be 
recorded (e.g., Aoif < A02F < Aosf holds in the first row of Table 4). 

Moreover, it is preferred to use the above method with the following 
method- the leading and trailing edges of a recording pulse are corrected 
according to the length of a unit recording area as well as the lengths of the 
preceding and next unit recording areas. The amount of correction in this 
case is registered on a memory within the edge position correction circuit 7 
in FIG. 1 as information shown in Tables 6 and 7. The leading and trailing 
edges of a recording pulse are corrected by referring to the memory. The 
same correction is made when the second information has different 
combinations. Tables 6 and 7 show a modulation system in which the 
length of a unit recording area can range from 2T to 7T (T indicates a clock 
cycle). 
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TABLE 6 (continued) 
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TABLE 7 (continued) 
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FIGS. 6(a) to 6(e) show signal waveforms and the state of marks 
recorded on a track in a multi-value recording method of this embodiment 
and correspond to FIG. 2(a) to 2(e), respectively. In FIG. 6, e.g., when 
four-valued information to be recorded is "3", the preceding information is 
5 "0", the length of a unit recording area to be recorded is 3T and the length of 
the preceding unit recording area is 5T, the leading edge of a recording pulse 
is delayed by A5303F. When the four-valued information to be recorded is "3", 
the next information is "2", the length of the unit recording area to be 
recorded is 3T and the length of the next unit recording area is 2T, the 
10 trailing edge is advanced by A3232L. 
J^; The above operation can correct the variation in thermal 

1. gi interference resulting from various differences in lengths of a unit recording 
Jl; area itself and the preceding and next unit recording areas. Therefore, 

2, marks can be recorded at more precise edge positions. 

C3^ 15 The embodiment shown in FIG. 6 also allows recording marks 601 

f^' and 602, each having a predetermined length, to be formed on a track 201, 

M which enables precise formation of unit recording areas 603 (with a width of 

W3), 604 (with a width of W2), 605 (with zero width) and 606 (with a width 
"f^l ofWi). 

20 In an optical information recording method of this embodiment, it is 

preferable that prior to recording information, the amount of correction of 
the leading and trailing edge positions of a recording pulse is determined by 
recording and reproducing a predetermined recording test pattern. This 
method can determine the optimum amount of correction for an optical 

25 information recording medium to be used in recording information. 

Therefore, even if the optical information recording medium has recording 
characteristic variations, information can be recorded accurately. 

In an optical information recording method of this embodiment, it is 
preferable that prior to reproducing information, reproduction conditions for 

30 the information are determined by reproducing a predetermined 

reproduction test pattern recorded on the optical information recording 
medium. This method can determine the optimum reproduction conditions 
(such as equalizer characteristics) for an optical information recording 
medium to be used in recording information. Therefore, information can be 

35 reproduced accurately even if the shapes of marks are varied due to the 
recording characteristic variations of the optical information recording 
medium. 
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It is preferable that an optical information recording method of this 
embodiment includes a process for selecting whether information is 
represented by the width of a unit recording area according to the type of 
information. This method allows information to be represented by only 
5 mark edge positions when the information to be recorded requires a 

particularly low error rate. Therefore, the method can select recording 
with high recording density or low error rate according to the information to 
be recorded, thus providing optimum recording based on the information. 

For an optical information recording medium on which information 

10 is recorded with an optical information recording method of this 

embodiment, it is preferable that an identifier for identifying whether 
information is represented by the width of a unit recording area is recorded 
on a predetermined area of the medium. A recording/reproducing 
apparatus that uses this medium can recognize easily whether information 

15 recorded on the medium is represented by the width of a unit recording area 
by reproducing the identifier. 

For an optical information recording medium on which information 
is recorded with an optical information recording method of this 
embodiment, it is preferable that the amount of correction of the leading 

20 and trailing edge positions of a recording pulse is recorded previously on a 
predetermined area of the medium as information. The use of this medium 
enables recording with the optimum amount of correction that has been 
recorded thereon. Thus, even if the optical information recording medium 
has recording characteristic variations, information can be recorded 

25 accurately without determining the amount of correction by 
recording/reproducing a test pattern. 

A material for the optical disk is not limited to that described above, 
and the above method can be applied to any media, as long as they have 
optical characteristics that differ in the recording mark and non-mark 

30 portions, such as made of a magneto-optical material, dye material, or the 
like. The number of values that information has after conversion, the 
above recording power, modulation system, length and position of each pulse, 
or the like are not limited to those mentioned in the present embodiments; it 
should be noted that the invention can set these elements appropriately 

35 according to recording conditions or media. For example, in the above 
embodiments, each of the unit recording areas is recorded with a single 
recording pulse. However, the recording pulse may be composed of a 
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multipulse. 



Industrial Applicability 

As described above, the present invention selects at least one 
appropriate factor from the widths and lengths of a unit recording area to be 
recorded and the preceding and next unit recording areas, and corrects the 
leading and/or trailing edge positions of a recording pulse according to the 
factor (when a plurality of factors are selected, a combination of those 
factors is used). The present invention can provide a special effect of 
recording and reproducing multi-valued information accurately with the 
position correction. In view of such effect, it is obvious that the present 
invention is very useful in the field of optical information recording. 
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CLAIMS 
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1. An optical information recording method, comprising irradiating an 
optical information recording medium with a laser beam to cause a change 

5 in optical characteristics of a photosensitive recording film so that 
information is recorded as a mark, 

wherein an area in the mark where a width of the mark is constant 
and a space area where the width is zero each are defined as a unit 
recording area, 

10 information is represented by at least three different widths of the 

unit recording areas, and 

the unit recording area having a predetermined length and a 

predetermined width is formed by correcting leading and trailing edge 

positions of a recording pulse for recording the unit recording area other 
15 than the space area in accordance with a width of the unit recording area to 

be recorded, 

2, The optical information recording method according to claim 1, 
wherein the unit recording area having a predetermined length and a 

20 predetermined width is formed by correcting the leading and trailing edge 
positions of the recording pulse in accordance with a combination of a width 
and a length of the unit recording area to be recorded. 

3. The optical information recording method according to claim 2, 
25 wherein the unit recording area having a predetermined length and a 

predetermined width is formed by correcting the leading edge position of the 
recording pulse in accordance with a combination of a width of the unit 
recording area to be recorded, a length thereof and a length of the preceding 
unit recording area and by correcting the trailing edge position of the 
30 recording pulse in accordance with a combination of a width of the unit 

recording area to be recorded, a length thereof and a length of the next unit 
recording area. 

4, An optical information recording method, comprising irradiating an 
35 optical information recording medium with a laser beam to cause a change 

in optical characteristics of a photosensitive recording film so that 
information is recorded as a mark, 
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wherein an area in the mark where a width of the mark is constant 
and a space area where the width is zero each are defined as a unit 
recording area, 

information is represented by at least three different widths of the 
5 unit recording areas, and 

the unit recording area having a predetermined length and a 
predetermined width is formed by correcting a leading edge position of a 
recording pulse for recording the unit recording area other than the space 
area in accordance with a combination of a width of the unit recording area 
10 to be recorded and a width of the preceding unit recording area and by 

correcting a trailing edge position of the recording pulse in accordance with 
a combination of a width of the unit recording area to be recorded and a 
width of the next unit recording area, 

15 5. The optical information recording method according to claim 4, 
wherein the unit recording area having a predetermined length and a 
'T'' predetermined width is formed by correcting the leading edge position of the 

recording pulse in accordance with a combination of a width of the unit 
recording area to be recorded, a width of the preceding unit recording area 
20 and a length of the unit recording area to be recorded and by correcting the 
trailing edge position of the recording pulse in accordance with a 
combination of a width of the unit recording area to be recorded, a width of 
the next unit recording area and a length of the unit recording area to be 
recorded. 

25 

6. The optical information recording method according to claim 5, 
wherein the unit recording area having a predetermined length and a 
predetermined width is formed by correcting the leading edge position of the 
recording pulse in accordance with a combination of a width of the unit 
30 recording area to be recorded, a width of the preceding unit recording area, 
a length of the unit recording area to be recorded and a length of the 
preceding unit recording area and by correcting the trailing edge position of 
the recording pulse in accordance with a combination of a width of the unit 
recording area to be recorded, a width of the next unit recording area, a 
35 length of the unit recording area to be recorded and a length of the next unit 
recording area. 
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7. The optical information recording method according to claim 1 or 4, 
wherein amounts of correction of the leading and trailing edge positions of 
the recording pulse are determined hy recording and reproducing a 
predetermined recording test pattern before recording the information. 

5 

8. The optical information recording method according to claim 1 or 4, 
wherein a predetermined reproduction test pattern is recorded on the 
optical information recording medium so as to determine reproduction 
conditions of the information by reproducing the reproduction test pattern 

10 before reproducing the information. 

9. The optical information recording method according to claim 1 or 4, 
wherein information is further represented by the leading and trailing edges 
of the unit recording area. 
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10, The optical information recording method according to claim 1 or 4, 
wherein power of the laser beam is lowered to a bias level in a portion 
between a first recording pulse for recording a first unit recording area and 
a second recording pulse for recording a second unit recording area when 

20 the first and second unit recording areas, each having a different mark 
width other than zero, are recorded continuously as the unit recording 
areas. 

11, The optical information recording method according to claim 1 or 4, 
25 further comprising selecting whether the information is represented by a 

width of the unit recording area in accordance with a type of information* 

12, An optical information recording medium, comprisinga 
photosensitive recording film whose optical characteristics are changed by 

30 laser beam irradiation, 

wherein an area where a width of a mark that is formed on the 
photosensitive recording film by the laser beam irradiation is constant and a 
space area where the width is zero each are defined as a unit recording area, 
and 

35 an identifier for identifying whether information is represented by a 

width of the unit recording area is recorded previously on a predetermined 
area. 



28 



13. An optical information recording medium, comprisinga 
photosensitive recording film whose optical characteristics are changed by- 
laser beam irradiation, 

wherein an area where a width of a mark that is formed on the 
photosensitive recording film by the laser beam irradiation is constant and a 
space area where the width is zero each are defined as a unit recording area, 
and 

amounts of correction of leading and trailing edge positions of a 
recording pulse for recording the unit recording area other than the space 
area that are determined by a width of the unit recording area to be 
recorded are recorded previously on a predetermined area as information. 

14, An optical information recording apparatus for recording 
information on an optical information recording medium, 

the optical information recording medium being irradiated with a 
laser beam having a plurality of powers while switching the power of the 
laser beam to cause a change in optical characteristics of a photosensitive 
recording film so that a mark is formed, 

wherein an area in the mark where a width of the mark is constant 
and a space area where the width is zero each are defined as a unit 
recording area, and information is represented by at least three different 
widths of the unit recording areas, 

the apparatus comprising' 

a modulation means for modulating recording information to provide 
modulated information? 

a multi-valued means for converting the modulated information to 
multi-valued information; 

a recording pulse generation means for generating a recording pulse 
based on the multi-valued information; 

a recording power control means for controlling a recording power in 
accordance with a width of the unit recording area to be recorded that 
corresponds to the multi-valued information; 

an edge position correction means for correcting leading and trailing 
edge positions of the recording pulse in accordance with the width of the 
unit recording area to be recorded; and 

a recording means for recording the information on the optical 
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information recording medium by irradiation of the laser beam based on the 
recording power and the corrected recording pulse. 



15. The optical information recording apparatus according to claim 14, 
5 wherein the edge position correction means corrects the leading and trailing 

edge positions of the recording pulse in accordance with a combination of a 
width and a length of the unit recording area to be recorded. 

16. The optical information recording apparatus according to claim 15, 
10 wherein the edge position correction means corrects the leading edge 

position of the recording pulse in accordance with a combination of a width 
of the unit recording area to be recorded, a length thereof and a length of 
the preceding unit recording area and the trailing edge position of the 
recording pulse in accordance with a combination of a width of the unit 
15 recording area to be recorded, a length thereof and a length of the next unit 
recording area. 

17. An optical information recording apparatus for recording 
information on an optical information recording medium, 

CP^ 20 the optical information recording medium being irradiated with a 

Jf laser bean having a plurality of powers while switching the power of the 

laser beam to cause a change in optical characteristics of a photosensitive 
recording film so that a mark is formed, 

wherein an area in the mark where a width of the mark is constant 
25 and a space area where the width is zero each are defined as a unit 

recording area, and information is represented by at least three different 
widths of the unit recording areas, 
the apparatus comprising- 

a modulation means for modxxlating recording information to provide 
30 modulated information; 

a multi-valued means for converting the modulated information to 
multi-valued information; 

a recording pulse generation means for generating a recording pulse 
based on the niulti-valued information; 
35 a recording power control means for controlling a recording power in 

accordance with a width of the unit recording area to be recorded that 
corresponds to the multi-valued information; 
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an edge position correction means for correcting a leading edge 
position of the recording pulse in accordance with a combination of a width 
of the unit recording area to be recorded and a width of the preceding unit 
recording area and for correcting a trailing edge position of the recording 
5 pulse in accordance with a combination of a width of the unit recording area 
to be recorded and a width of the next unit recording areaJ and 

a recording means for recording the information on the optical 
information recording medium by irradiation of the laser beam based on the 
recording power and the corrected recording pulse. 

10 

18. The optical information recording apparatus according to claim 17, 
Jgi wherein the edge position correction means corrects the leading edge 

tH^ position of the recording pulse in accordance with a combination of a width 

2^ of the unit recording area to be recorded, a width of the preceding unit 

C3' 15 recording area and a length of the unit recording area to be recorded, and 

the trailing edge position of the recording pulse in accordance with a 
fp4. combination of a width of the unit recording area to be recorded, a width of 

p;; the next unit recording area and a length of the unit recording area to be 

recorded. 

m 20 

- ' 19. The optical information recording apparatus according to claim 18, 

wherein the edge position correction means corrects the leading edge 
position of the recording pulse in accordance with a combination of a width 
of the unit recording area to be recorded, a width of the preceding unit 

25 recording area, a length of the unit recording area to be recorded and a 

length of the preceding unit recording area, and the trailing edge position of 
the recording pulse in accordance with a combination of a width of the unit 
recording area to be recorded, a width of the next unit recording area, a 
length of the unit recording area to be recorded and a length of the next unit 

30 recording area. 
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ABSTRACT 



An edge position correction circuit corrects the edge positions of a 
recording pulse according to multi-valued information that determines the 
5 width of a mark. This allows the mark edges to be formed at the precise 
positions. Therefore, even if the mark having any width is recorded, 
multi-valued information can be recorded/reproduced accurately. 
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Attorney Docket No. 10873.771USWO 

MERCHANT & GOULD P.C 

United States Patent Application 

COMBINED DECLARATION AND POWER OF ATTORIVEY 

As a below named inventor I hereby declare diat: my residence, post office address and citizenship are as stated below next to my 
name; that 

I verily believe I am the original, first and sole inventor (if only one name is listed below) or a joint inventor (if plural inventors 
are named below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: OPTICAL 
INFORMATION RECORDING METHOD, OPTICAL INFORMATION RECORDING APPARATUS AND OPTICAL INFORMATION 
RECORDING MEDIUM 

The specification of which 

a. Q is attached hereto 

b. 1^ was filed on as appHcation serial no. and was amended on (if apphcable) (in the case of a PCT-filed appHcation) 
described and claimed in international no. PCT/JPOO/03480 filed May 30, 2000 and as amended on (if any), which I have reviewed and 
for which I solicit a United States patent. 

I h@by state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by 
any,|mendment referred to above. 

I h0oy claim foreign priority benefits under Title 35, United States Code, § 1 19/365 of any foreign application(s) for patent or inventor's 
cerfpcate Hsted below and have also identified below any foreign application for patent or mventor's certificate having a filing date before 
thaf^f the application on the basis of which priority is claimed: 

a. g|r no such applications have been filed. 

b. 1^ such applications have been filed as follows: 



FORI 


:iGN APPLICATION(S), IF ANY, CLAIMING PRIORITY UNDER 35 USC § 119 


CCifNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 
(day, month, year) 




11-152469 


31 May 1999 




^ " ALL FORE 


IGN APPLICATION(S), IF ANY, FILED BEFORE THE PRIORITY APPLIC 


:ation(S) 


COUNTRY 


APPLICATION NUMBER 


DATE OF FILING 
(day, month, year) 


DATE OF ISSUE 1 
(day, month, year) 











I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT mtemational application(s) Hsted 
below and, msofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in the 
manner provided by the first paragraph of Titie 35, United States Code, § 1 12, 1 acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, § 1. 56(a) which occurred between the filing date of the prior appHcation and the national 
or PCT intemational filing date of this application. 



U.S. APPLICATION NUMBER 


DATE OF FILING (day, month, year) 


STATUS (patented, pending, abandoned) 









I hereby claim tiie benefit under Title 35, United States Code § 1 19(e) of any United States provisional application(s) listed below: 



U.S. PROVISIONAL APPLICATION NUMBER 


DATE OF FILING (Day, Month, Year) 







I acknowledge the duty to disclose information that is material to the patentability of this apphcation in accordance with Title 37, Code of 
Federal Regulations, § 1.56 (reprinted below): 



§ 1.56 Duty to disclose information material to patentability. 

(a) A patent by its very nature is affected with a public interest. The pubhc interest is best served, and the most effective 
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor 
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the 
claim is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a 
claim that is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability of any 
claim remaining under consideration in the application. There is no duty to submit information which is not material to the patentability of 
any existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information 
known to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner 
prescribed by §§ L97(b)-(d) and 1 .98. However, no patent will be granted on an application in connection with which fraud on the Office 
was practiced or atten^ted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages 
applicants to carefiiUy examine: 

( 1 ) prior art cited in search reports of a foreign patent office in a counterpart apphcation, and 

(2) the closest information over which individuals associated with the filing or prosecution of a patent apphcation 
hclmh any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office. 

^ (b) Under this section, information is material to patentability when it is not cumulative to information aheady of record or 
beii^lnade of record in the application, and 

y , (1) It establishes, by itself or in conibination with other mfbrmation, a prima facie case of unpatentability of a claim; 

or :.m 

I , (2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

^ (ii) Asserting an argument of patentability. 

A pttha facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentable under the 
preponderance of evidence, burden-of-proof standard, giving each term in the claim its broadest reasonable construction consistent with the 
specification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of 
patentability. 

(c) Individuals associated with the filing or prosecution of a patent apphcation within the meaning of this section are: 

( 1 ) Each inventor named in the application: 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is 
associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may con^ly with this section by disclosing information to the 
attorney, agent, or inventor. 

(e) In any continuation-in-part application, the duty under this section includes the duty to disclose to the Office all 
information known to the person to be material to patentability, as defined in paragraph (b) of this section, which became available between 
the filing date of the prior application and the national or PCT intemational filing date of the continuation-in-part application. 
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I hereby appoint the following attomey(s) and/or patent agent|s) to prosecute this application and to transact all business in the Patent and 
Trademark Office connected herewith: 



Albrecht, JohnW. 
Ali, M. Jeffer 
Altera, Allan G. 
Anderson, Gregg I. 
Batzli, Brian H. 
Beard, John L. 
Bems, John M. 
Branch, John W. 
Bremer, Dennis C. 
Brown, Jeffrey C. 
Bruess, Steven C. 
Byrne, Linda M. 
Campbell, Keith 
Carlson, Alan G. 
Caspers, Philip P. 
Clifford, John A. 
Coldren, Richard J 
Daignault, Ronald A. 
Dak^y, Dennis R. 
Dal^^sh, Leslie E. 
Daiffipn, Julie R. 
De¥^es Smith, Katherine M. 
DiPliiro, Mark J. 
Do^tch, Matthew A. 
Ed#,'RobertT. 
Epi^yan, Sandra 
Glag^, Robert J. 
Goggin, Matthew J. 
Go|s^ Charles E. 
Goinan, Alan G. 

Kiss: ' 

Got|Jd^ John D. 
Gre^pn, Richard 
Gref|fas, John J. 
Haik^'r, Samuel A, 
Haikfe, Curtis B. 
Harrison, Kevin C. 
Hertzberg, Brett A. 
Hillson, Randall A. 
Holzer, Jr., Richard J. 
Hope, Leonard J. 
Jardine, John S. 
Johnston, Scott W. 
Kadievitch, Natalie D. 
Kaseburg, Frederick A. 
Kettelberger, Derdse 
Keys, Jeramie J. 
Knearl, Homer L. 
Kowalchyk, Alan W. 
Kowalchyk, Katherine M. 
Lacy, Paul E. 




Reg. No. 
Reg. No. 
REg, No, 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 
Reg. No. 



40,481 
46,359 
40,274 
28,828 
32,960 
27,612 
43,496 
41,633 
40,528 
41,643 
34,130 
32,404 
46,597 
25,959 
33,227 
30,247 
44,084 
25,968 
34,994 
40,579 
36,414 
42,157 
28,707 
P48,957 
20,187 
39,667 
40,620 
44,125 
26,896 
38,472 
18,223 
41,804 
33,112 
46,754 
29,165 
46,759 
42,660 
31,838 
42,668 
44,774 
P-48,835 
39,721 
34,196 
47,695 
33,924 
42,724 
21,197 
31,535 
36,848 
38,946 



Larson, James A. 
Leon, Andrew J. 
Leonard, Christopher J. 
Liepa, Mara E. 
Lindquist, Timothy A. 
Lown, Jean A. 
Mayfield, Denise L. 
McDonald, Daniel W. 
Mclntyre, Jr., William F. 
Mitchem, M, Todd 
Mueller, Douglas P. 
Nelson, Anna 
Parsons, Nancy J. 
Pauly, Daniel M. 
Phillips, John B. 
Pino, Mark J. 
Prendergast, Paul 
Pytel, MeUssa J. 
Qualey, Terry 
Reich, John C. 
Reiland, Earl D. 
Roberts, Fred 
Samuels, Lisa A. 
Schmaltz, David G. 
Schuman, Mark D. 
Schumann, Michael D. 
Scull, Timothy B. 
Sebald, Gregory A. 
Skoog, MarkT. 
Spellman, Steven J. 
Stoll-DeBell, Kirstin L. 
Sullivan, Timothy 
Sumner, John P. 
Swenson, Erik G, 
Tellekson, David K. 
Trembath, Jon R. 
Tunheim, Marcia A 
Underbill, Albert L. 
Vandenburgh, J. Derek 
Wahl, JohnR. 
Weaver, Karrie G. 
Welter, Paul A. 
Whipps, Brian 
Whitaker, John E. 
Williams, Douglas J. 
Withers, James D. 
Witt, Jonelle 
Wu, Tong 
Xu, Min S. 
Young, Thomas 
Zeuli, Anthony R. 



Reg. No. 

Reg. No, 

Reg. No. 

Reg. No, 
^ Reg. No. 
\ Reg. No. 

Reg. No. 

Reg. No. 

Reg. No. 
I Reg. No. 
/ Reg. No. 



Reg No. 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg, No 
Reg. No 
Reg. No 
Reg. No 
Reg, No 
Reg. No 
Reg, No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg, No 
Reg, No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg. No 
Reg, No 



40,443 
46,869 
41,940 
40,066 
40,701 
P48,428 
33,732 
32,044 
44,921 
40,731 
30,300 
P48,935 
40,364 
40,123 
37,206 
43,858 
46,068 
41,512 
25,148 
37,703 
25,767 
34,707 
43,080 
39,828 
31,197 
30,422 
42,137 
33,280 
40,178 
45,124 
43,164 
47,981 
29,114 
45,147 
32,314 
38,344 
42,189 
27,403 
32,179 
33,044 
43,245 
20,890 
43,261 
42,222 
27,054 
40,376 
41,980 
43,361 
39,536 
25,796 
45,255 



I hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attomey/firm/ organization 
who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full disclosure to be 
represented unless/until I instruct Merchant & Gould P.C. to the contrary. 

I understand that the execution of this document, and the grant of a power of attorney, does not in itself establish an attorney-client 
relationship between the undersigned and the law firm Merchant & Gould P.C, or any of its attorneys. 
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Please direct all correspondence in this case to Merchant & Gould P.C. at the address indi cated below: 

Merchant & Gould P.C. 
P.O. Box 2903 
Minneapolis, MN 55402-0903 





I hereby declare that all statements made hereilfTihiiro^^n^wIe^^ are true and that all statements made on information and behef are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 

^ 



Full Name 
Of Inventor 



Residence 
& CitizcnsMn, 



Family Name 

NARUMI 



City 

-Qssksu. 
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First Given Name 

Kenji 



State or Foreign Country 



Second Given Name 



Country of Citizenship 



Mailing 
Address 



Address 

Room 404, Excellent-Life-Motomachi, 3-36, Motomachi^ 
Ibaraki-shi 



City 
Osaka 



State & Zip Code/Country 

567-0882 /Japan 



Sigk^ure of Inventor 201: 



Full Name 
' Of Inventor , 



Date: 



Ju/j/ 3o, 2oo( 



Family Name 
NISHIUCHI 



First Given Name 
Kenichi 



Second Given Name 



Residence 
& Citizenship 



City 

Osaka 



State or Foreign Country 
Japan 



Country of Citizenship 



Mailing 
Address 



Address 

6-22, Shoudaihirano-cho, Hirakata-shi 



City 
Osaka 



State & Zip Code/Country 
573-1135 /Japan 



Si^ature of Inventor 202; 



Date: 



^ iff 

2 .a 



Full Name 
Of Inventor 



Residence 

& Citizenship^ 



Mailing 
Address 



Family Name 

YAMADA 



City 

-Osaka, 



Address 

1-4-2, Kuzuhaoka, Hirakata-shi 



First Given Name 



Second Given Name 



State or Foreign Country 



Country of Citizenship 
Japan 



City 

Osaka 



State & Zip Code/Country 
573-1 104 /Japan 



Signature of Inventor 203: 



Date: 



July 



35 





Full Name 


Family Name 


First Given Name 


Second Given Name 


2 


Of Inventor 


OHTA 


Takeo 














0 


Residence 


''''' K 


State or Foreign Country 


Country of Citizenship 




& Citizenship 


Japan 


Japan 


4 


Mailing 


Address 


City 


State & Zip Code/Country 




Address 


1349, Kamitakabatake-cho, Nara-shi 


Nara 


630-8301 /Japan 



Signature of Inventor 204: 



Date: ^ 



4 



